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© An anode plate 50 for use in a field ennission flat 
panel display device connprises a transparent planar 
substrate 58 hiaving a plurality of electrically conduc- 
tive, parallel stripes 52 comprising the anode elec- 
tfiDde of the device, which are covered by phosphors 
54r, 54g and 54b. A substantially opaque, electncally 
insulating material 56 is affixed to substrate 58 in the 
spaces between conductors 52. acting as a barrier tci 
the passage of arnbiont Itgfit into and OLJt of thp 
aevtce The electrical insulating quality of opaquc' 
material 56 increases the electrical isolation of cofv 
d'jctive stripes 52 from one another, re-ducing the 
risk of breakdown due to increased leakage current 
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opaque material 56 preferably comprises glass hav- 
ing impurities dispersed therein, wherein the impuri- 
ties may include one or more organic dyes, selected 
to provide relatively uniform opacity over the visible 
range of the electromagnetic spectrum. Alternatively, 
the impurities may include the black oxide of a 
transition metal such as cobalt. Opaque material 56 
IS formed by miving a TEOS solution with a dye or a 
source of metaf'ic lOns, somf^nvq or ^;::r r\in!r^q tho 
irnxtLJrc on glass substrate 58. and lufi^.j Wm::. fiux- 
tLJro to drive out the- or garlics and solvnnrs Two 
iTu-^thods of fabricating anode plate 50 aro; disciosod. 
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Technical Field of the Invention 

The present invention relates generally to flat 
panel displays and. more particularly, to an opaque 
insulator for use on the anode plate of a flat panel 
display which innproves the contrast ratio of the 
Gisplay, and to nnethods for preparing the opaque 
insulating niaterial and for app'lying the material to 
the anode ptate 

Background of the Invention 

For mere than half a century, the cathode ray 
tube (CRT) has been the principal electronic device 
for displayirig visual information. The widespread 
usage of the CRT may be ascribed to the remark- 
able quality ot the display characteristics in the 
realms of color, brightness, contrast and resolution. 
One major feature of the CRT permitting these 
qualities to be realized is the use of a luminescent 
phosphor coating on a transparent faceplate 

Conventional CRT's, however, have the dis- 
advantage that they require significant physical 
depth, i.e., space behind the actual display surface, 
making them bulky and cumbersome. They are 
fragile and. due in part to their large vacuum vol- 
ume, can be dangerous if broken. Furthermore, 
these devices consume significant amounts of pow- 
er. 

The advent of portable computers has created 
intense demand for displays which are lightweight, 
compact and power efficient. Smce the space avail- 
able for the display function of these devices pre- 
cludes the use of a conventional CRT, there has 
been significant interest in efforts to provide sat- 
isfactory so-called "flat panel displays" or "quasi 
flat panel displays," having comparable or even 
superior di.s.p'lay characteristics, e.g. brightness, 
resolution, versatility in display, power consump- 
ticm, etc. Tf^ese efforts, while producing flat panel 
displays that are useful for some applicatioris, have 
not producc'd a display that can cc^mpare to a 
c:onventional CRT. 

Cur'-entlv, liquid crystal displays are used al- 
most un-vcfsaliy for laptcp anc! notebook r:.:jmput- 
CIS. In comf^anson to a CF^7". rho^e displays f^ro- 
'.-ido poot c.iiitfust. only a lifTiit--!d ranige of viewing 
angles is possible, and. .n r ■::\o' versions, tfioy 
■:ofiSu'Mt: :: .AO: at -atos .vr;:.;-- 3'e -r iiionipatibie 
A:th oxtor^a-jo t'atte:y ;:'0f atio- : I- addition, -olor 
iiquid !:ry'st<:; di strJay s^'.'^'-cns '-^n.d to bc: fai mirue 
cosily than (;;RT's of equal scre-jn size 

As a rcf suit of the drawbacks C'f liquid crystal 
■"iisplay technology, field emiss on display tochr^oi- 
■i-gy nas been reccMvir^g increasing attention by 
ir^jiuS'ry Fla' f^anel displays utilizing such technol- 
ogy employ a iT^atriv-addfOs sable array of pointed, 
tl^in-film, cold field emission catfvodes in combina- 



tion with an anode corTipnsmg a phosphor-lumines- 
cent screen. The phenomenon of field emission 
was discovered m the I950's. and extensive re- 
search by many individuals, such as Charles A. 
5 Spindt of SRI International, has improved the tech- 
nology to the e>tent that its prospects for use in 
the manufacture of inexpensive, low-power, high- 
resolution, high-contrast, full-color fiat displays ap- 
pear to be prrrntsing 

'0 Advances m field emission display technology 

are disclosed >n U.S. Patent No. 3.755,704, "Field 
Emission CathiDde Structures and Devices Utilizing 
Such Structures " issued 28 August 1973, to C.A. 
Spindt et at , U S Patent No 4.940,9i6. "Electron 

IS Source with Micropoint Emissive Cathc-des and 
Display Means by Cathodoluminescence Excited 
by Field Emission Using Said Source," issued 10 
July 1990 to fVlichel Borel et al.; U.S. Patent No. 
5,194,780, "Electron Source with Microtip Emissive 

20 Cathodes," issued 16 March 1993 to Robert Mey- 
er; and U.S. Patent No. 5,225,820, "Microtip Tri- 
chromatic Fluorescent Screen," issued 6 July 
1993, to Jean-Frederic Clerc These patents are 
incorporated by reference into the present applica- 

25 tion. 

The Clerc ('820) patent discloses a trichromatic 
field emission flat panel display having a first sub- 
strate on whicli are arranged a matrix of conduc- 
tors. In one direction of the matrix, conductive 

30 columns comprising the cathode electrode support 
the microtips In the other dtrection, above the 
column conductors, are perforated conductive rows 
comprising the grid electrode. The row anii column 
conductors are separated by an insulatmg layer 

35 having apertures permitting the passage of the 
microtips, each intersection of a row and column 
corresponding to a pixel, 

On a seccind substrate facing the first, the 
display has regularly spaced, parallel cc^nductive 

40 stripes comprising the anode electrodC'. Thc-se 
stripes are alternately covered by a first nnatenal 
luminescing in the red, a second material luminesc- 
ing in the green, arid a third matenai lumm-jscing m 
the blue, the- coriductivo strifjejs ccivered by the 

4s same luminciscenr material being electnr::iiv tnfor- 
rnnnected 

1 he ClofC patent discloses a \j\r>^:c^.:., ari- 
drossing a tn.rhr.jfrat c fiC:M vn-^\ss\o:] fat 

rii"i(.ii(: ally \r a rw^* ootenriaf A^aiT :^ ^, -r-.t 
attrac:t the C'Icctron:; emittca oy 'tie micot f^i^ ^'v: tne 
cathicde condjctc-rs corresponding to tt.o okO'S 
■A-nich are to oo i llufriir^atod ar "a am to hod ^ai' a-r- 
LcHor of tt^e aaiected anode? stnoos J'^ctc .a^^-^a 
s 1 M pc s A' ^1 r ti a r o not bo i raj sc ' o : tod a r o sc{ : j a 
pctOfit;al SLa:n that the olO'drons ena-to^l W^c 
r^TiCrotips are rope I led 0( have an energy !t.-}val 



3 



EP 0 684 627 A1 



4 



below the threshold cathodoluminescence energy 
level of the luminescent materials covering those 
unselected anodes. 

Two shortcomings of field emission displays of 
the current technology are the low contrast ratio of 
the display and the low emission intensity of the 
low voltage phosphors typically used as the lu- 
minescent materials on the display screen. The low 
contrast ratio is due in part to ambient light which 
enters through the front of the display, reflects off 
the planar surface of the emitter plate, and re- 
emerges between the phosphor stripes on the 
switched anode color display. 

The low emission intensity of the phosphor has 
several origins, one of which is the low acceleration 
voltage used to excite the free electrons toward the 
anode. Currently, this acceleration voltage is limited 
by the potential which can be placed on the trans- 
parent stripe anode conductors underlaying the 
phosphor stripes. As the acceleration voltage is 
increased, the leakage current between the con- 
ductive anode stripes also increases, eventually 
leading to breakdown when the leakage current 
becomes excessive. 

In view of the above, it is clear that there exists 
a need for an improvement in the anode structure 
of a field emission flat panel display device which 
permits increased contrast ratio and increased ac- 
celeration voltage to provide higher efficiency of 
the phosphor material being used. 

Summary of the Invention 

In accordance with the principles of the present 
invention, there is disclosed herein an anode plate 
for use in a field emission device. The anode plate 
comprises a substantially transparent substrate 
having spaced-apart, electrically conductive regions 
thereon, and luminescent material overlaying the 
conductive regions. The anode plate further com- 
prises a substantially opaque, electrically insulating 
material on the substrate in the spaces between 
the conductive regions. 

In a preferred embodiment of the present in- 
vention, the opaque material comprises glass hav- 
ing impurities dispersed therein, wherein the impu- 
r;tic-3 may include orio (u iMi)fH '.ngani'. dyes. Alter- 
natively, the impurities may include the oxides of 
ont- Of more transition metals. 

Further in accordance with the principles of the 
p>resent invention, there ic- disclosed hr-rein a meth- 
C'Ci cji raoMCatiiig an afTOi:ie piate tor uso in a tield 
emission device. The method comprises the steps 
of providing a substantially transparent substrate 
having spaced-apart, electrically conductive regions 
on 3 surface thereof, jijating the- surface with a 
substantially opaque rriatonal, removing the opaque 
rr^aterial from aroas overlaying the C':'nduct!ve rn- 



gions, and applying luminescent material on the 
conductive regions. 

Brief Descnption of the Drawing 

5 

The foregoing features of the present invention 
may be more fully understood from the following 
detailed description, read in conjunction with the 
accompanying drawings, wherein: 
10 FIG. 1 illustrates in cross section a portion of a 

field emission flat panel display device accord- 
ing to the prior art; 

FIG. 2 is a cross-sectional view of an anode 
plate for use in a field emission flat panel dts- 
75 play device in accordance with the present in- 

vention: 

FIG. 3 is a plot of transmissivities within the 
spectrum of visible light of materials described 
for use in the present invention; 
20 FIGS. 4A through 4H illustrate steps in a pro- 

cess for fabricating the anode plate of FIG. 2 in 
accordance with a first embodiment of the 
present invention; and 

FIGS. 5A through 5E illustrate steps in a pro- 
25 cess for fabricating the anode plate of FIG. 2 in 
accordance with a second embodiment of the 
present invention 

Description of the Preferred Embodiment 

30 

Referring initially to FIG. 1, there is shown, in 
cross-sectional view, a portion of an illustrative, 
prior art field emission flat panel display device. In 
this embodiment, the field emission device com- 

35 prises an anode plate having an electroluminescent 
phosphor coating facing an emitter plate, the phos- 
phor coating being observed from the side op- 
posite to its excitation. 

More specifically, the illustrative field emission 

40 device of FIG. 1 comprises a cathodoluminescent 
anode plate 10 and an electron emitter (or cathode) 
plate 12. The cathode portion of emitter plate 12 
includes conductors 13 formed on an insulating 
substrate 18, a resistive layer 16 also formed on 

45 substrate 18 and overlaying conductors 13. and a 
multiplicity of electrically conductive microtips 14 
^ormcd on rosistiv-"' layer 16 In this e^an^ple cori- 
ductors 13 i::ompfise a mesh structure, and micro- 
tip emitters 14 are configured as a matri>: witl^in the 

50 mesh spacings 

A gate electrode comorises a layor nf an pIpt- 
'iicaliy conduct! vfc? f 11 ate rial 22 wtiici") is Uepusiteo 
on an insulating layer 20 which overlays resistive 
layer 16 Microtip emitters 14 are \n the shape o\ 

55 i:ones which are formed within apertures througn 
ceriduciivu iayt;r 22 and msuiating layer 20. The 
thicknesses of gatC' electrode layer 22 ar^d irisulat- 
ing layer 20 are ■:-;hoscn in sucfi a vvay that the 
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apex of each nmcrotip 14 is substantially level with 
the electrically conductive gate electrode layer 22. 
Conductive layer 22 is arranged as rows of conduc- 
tive t»ands across the surface of substrate 18, and 
the mesh structure of conductors 13 is arranged as 
ccilumns of conductive bands across the surface of 
substrate 18, thereby pernnitting selection of nnicro- 
tips 14 at the intersection of a row and cofu'nn 
corresponding to a pixel. 

Anode plate 10 connprises regions of a 'rans- 
parent, electrically conductive material 28 depos- 
ited on a transparent planar support 26, which is 
positioned facing gate electrode 22 and parallel 
thereto, the conductive nnaterial 28 being deposited 
on the surface of support 26 directly facing gaV3 
electrode 22. In this exannple, the regions of cof^i- 
due tive material 28. which comprise the anode 
electrode, are in the form of electricaily isolated 
stfipes comprising three series of parallel conduc- 
tive bands across the surface of support 26, as 
taught in the Clerc ('820) patent. (No true scaling 
information is intended to be conveyed by the 
relative sizes and positioning of the elements of 
anode plate 10 and the elements of emitter plate 
12 as depicted in FIG. 1.) Anode plate 10 also 
connprises a cathodoluminescent phosphor coating 
24. deposited over conductive regions 28 so as to 
be directly facing and immediately adjacent gate 
electrode 22. 

One or more microtip emitters 14 of the above- 
described structure are energized by applying a 
negative potential to conductors 13, functioning as 
the cathode electrode, relative to the gate electrode 
22. via voltage supply 30, thereby inducing an 
electric field which draws electrons from the 
ape>es of microtips 14. The freed electrons are 
accelerated toward the anode plate 10 which is 
pMfitively biased by the application of a substan- 
tially larger positive voltage from voltage supply 32 
cc-upled between the gate electrode 22 and con- 
ducive regions 28 functioning as the anode elec- 
trcide. Energy from the electrons attracted to the 
anc.oe conductors 28 is transferred to the phosphor 
c:(jatin(3 24, resulting in lurTnmescence. The electron 
charge is transferred fr^m phosphor coating 24 to 
..cni:^U':tive regions :'8 cc^rrtpieting the eiectMLal 
CI r-., J it to voltage sufjf: ly 32 

Mr-Sjrnrg r::-^' [r fH3 2 thee is stv.r-Ar-' a 
:rv'':; -■AO<:Uona\ view cf an anode piatc 50 ff:^ l:^o 
a * c: d a-^iss^or tia: f:'ariOl vHsp'ay dov^ro m acc^:\- 
iar:.>j Aith ihe piosont irv.^ention. ArTode pUit^- 50 
ijm[-)r.ses a transpare^nt planar substrate 58 ha^\i\q 
a i^iyer 60 of an insulating r^iatorial, iHustratweiy 
sitiucn dioxide {SiO. ) A plurality of oiectncaliy con- 
lu^'ivf regions 52 arc patterned on insulating laytjr 
60 onductive legic^ns 52 collectively comprise tl'e 
an-: do electrode of the field emission flat panel 
display device of the P'resent invention Lanaines- 



cent material 54r, 54q and 54b. referred to collec- 
tively as luminescent material 54, overlays conduc- 
tors 52. Finally, a substantially opaque, electrically 
insulating material 56 is affixed to substrate 58 m 
5 the spaces between conductors 52. It can be seen 
that opaque material 56 fills in the gaps between 
conductive regions 52. thereby acting as a barrier 
to the entry of ambient light into the device, and 
further preventing the re-emergence of ambient 
light .vhich is reflected from the active surface of 
emitter plate 12 {of FIG. 1). In addition, by virtue of 
Its electrical insulating quality, opaque material 56 
serves to mcrease the electrical isolation of con- 
ductive regions 52 from one another, thereby per- 
/5 mitting the use of higher anode potentials without 
the risk of breakdown due to increased leakage 
current. 

For purposes of this disclosure, the term 
"opaque" shall refer to a very low degree of optical 

20 transmissivity in the visible range, i.e., in the region 
of the electromagnetic spectrum between approxi- 
mately 400-800 nanometers. 

In the present example, substrate 58 comprises 
glass. Also in this example, conductive regions 52 

25 comprise a plurality of parallel stripe conductors 
which extend normal to the plane of the drawing 
sheet, A suitable material for use as stripe conduc- 
tors 52 may be indium-tin-oxide (ITO). which is 
optically transparent and electrically conductive. In 

30 this e>ample, luminescent material 54 comprises a 
particulate phosphor coating which luminesces in 
one of the three primary colors, red (54r), green 
(54g) and blue (54b). A preferred process for apply- 
ing phosphor coatings 54 to stripe conductors 52 

35 comprises electrophoretic deposition. 

By way of illustration, stripe conductors 52 may 
be 80 microns in width, and spaced from one 
another by 30 microns. The thickness of conduc- 
tors 52 may be approximately 150 nanometers, 

40 and the thickness of phosphor coatings 54 may bo 
appirox imatc-ly 15 microns. 

According to the present invention, the sub- 
stantially ri[jaque, electrically insulating material 56 
preferably comprises glass having impurities dis- 
persed therein, wherein the .mpunticss may iincludc 
'T^nc or mcrr- organic: dyes, the cofT^binati'"^>r: c-f dyt^; 
ijOing ~clei:ted to provi.je relatively uniforr^i opacit; 
■~'.'or the VIS ■pie r ange of the oloctromagr^otic sl>" '.^ - 
V\.iri ,A|fer rtatively . t^^e :r^M:u^ritios f^^iay ^'Kki<1c a^ 
-'^-:^o :if a trar^sit r7^c>tal. ttie u an^'[i'-^i^ '^^..-ta 
:;'^~'irig chosc^n i-^om among those whict^ forrTi t^a^:^. 
oxides. In tne lattei case, tno nnotaiiic oxioo [ja'- 
t-:!C'S must be suificientiy dispersed witf^m the 
glass such 'hat r-ia*onai 56 rc?tairns a high degree of 
'■■■■■c^ctricai insulating qLJaiity. By way of illustration, 
average:; thickness cf matc;nal 56 may be nr, the 
'?f--icf rji 500-1000 nanometers 
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Opaque, electrically insulating materia! 56 is 
preferably formed from a solution of tetraethylor- 
tfnosilicate (TEOS), wfiicfi is sold by, for example, 
Allied Signal Corp.. of Morristown, New Jersey. 
The solution of TEOS, including a solvent which 
may comprise ethyl alcohol, acetone, N-butyl al- 
cohol and water, is commonly referred to as "spin- 
on-glass" (SOG). The TEOS and solvents are com- 
bined in proportions according the desired viscos- 
ity of the spin-on-glass solution. TEOS provides the 
advantages that it cures at a relatively low tempera- 
ture and, when fully cured, all of the solvent and 
most of the organic materials have been driven out, 
leaving primarily glass (SiO^). The TEOS solution 
may be spun on the surface of anode plate 50, or it 
may be spread on the surface, using techniques 
which are well known in the manufacture of, for 
example, liquid crystal display devices. 

The impurities which produce the opacity of 
material 56 fall into two general categories, organic 
dyes and metallic oxides. Organic dyes are ad- 
vantageous in that they disperse readily and uni- 
formly throughout the TEOS solution, without di- 
minishing its insulating quality, but they are limited 
in the temperature range to which they can be 
exposed, typically to less than 200 'C. 

The following example illustrates a formulation 
of material 56 including an organic dye. Either a 
single dye. such as Sudan Black, or a mixture of 
dyes, is added at a typical concentration of 13 mg 
of dye/ml of the solution of TEOS and solvents- 
Trace 70 of the optical transmissivity v. wavelength 
plot of FIG. 3 represents the performance of a 
2,000 nanometer thick film of the above-described 
mixture. 

The second category of impurities which pro- 
duce the opacity of material 56 comprises metallic 
oxides. Compounds of transition metals which are 
soluble in the TEOS solution provide sources of 
metallic ions which may form dark, preferably 
black, oxides during the TEOS curing process. 
Such compounds may include, but are not limited 
to, nitrates, sulfates, hydroxides, acetates and other 
metal organic compounds of the transition metals. 
Transition metals which form black oxides include, 
but are not ttmited to, cobalt and copper. In most 
r,asr)S th^'^ transition meta! ion is ro-n^p'ted [o t!v..- 
'netai cxule during the curing cycie. 

The following e>ample illustrates a lormuiation 
of material 56 including a compound of a transition 
metal. Cobalt nitrate (Co(N03)2) is added to a 
c.M,,!,,^,-, .-.r TFOS and sr^^v.-n!, :jrr M.^s.fig ak;.n;:i 
and acetone, m the amount of 375 ri^g ml This 
combinatton also irKludes 0.5 ml of i-butanol pt:T 
ml of the TEOS solution to improve the uniformity 
of the mixture Trace 72 of the optical transmis- 
sivity V. wavelength plot of FIG. 3 represents tho 
porfof rT^ance of a 3,000 nanorrieter thick film of tho 



above-described mixture. As is the case for organic 
dyes, a plurality of different metal ion solutions, 
each of which is opaque over a portion of the 
visible spectrum, can be combined to minimize the 

5 optical transmission over the entire range from 
400-800 nanometers. 

A method of fabricating an anode plate for use 
in a field emission flat panel display device in 
accordance with a first embodiment incorporating 

70 the principles of the present invention, comprises 
the following steps, considered in relation to FIGS. 
4A through 4H. Referring initially to FIG. 4A, a 
glass substrate 80 is coated with an insulating layer 
82, typically Si02, which may be sputter deposited 

IS to a thickness of approximately 50 nm. A layer 84 
of a transparent, electrically conduct've material, 
typically indium-tin-oxide (ITO), is deposited on 
layer 82, illustratively by sputtering to a thickness 
of approximately 150 nm. A layer 86 of photoresist, 

20 illustratively type AZ-1350J sold by Hoescht- 
Celanese, of Somerville, New Jersey, is coated 
over layer 84, to a thickness of approximately 1000 
nm. 

A patterned mask (not shown) is disposed over 

25 layer 86 exposing regions of the photoresist. In the 
case of this illustrative positive photoresist, the 
exposed regions are removed during the develop- 
ing step, which may comprise soaking the assem- 
bly in Hoescht-Celanese AZ-developer The devel- 

30 oper removes the unwanted photoresist, leaving 
photoresist layer 86 patterned as shown in FIG. 4B. 
The exposed regions of ITO layer 84 are then 
removed, typically by a wet etch process, using as 
an illustrative etchant a solution of 6fvl hydrochloric 

35 acid (HCI) and 0.3M ferric chloride (FeCb), leaving 
a structure as shown in FIG. 4C. Although not 
shown as part of this process, it may also be 
desired to remove Si02 layer 82 underlying the 
etched-away regions of the ITO layer 84. In the 

40 present example, these patterning, deve-loping and 
etching processes leave regions of ITO layer 84 
which form substantially parallel stripes across the 
surface of the anode plate. The remaining 
photoresist layer 86 may be removed by a wet 

45 etch process using acetone as the etchant; alter- 
natively, layer 86 may be removoo us^ng a dry, 
oxygen olasfna asf^ off process. hlU 4D tllustratos 
the anode structure havif^g patterr^ed iTQ regions 
84 at tiTe current stage of the fabrication procoss. 

50 A coating 88 of spin-on-glass (SOG) if^ckidmg 

ir^^punties which provide opacity, which i^^av be of 

1 Uf^^cribOO OaMiOf, is applied Ovor i.fiO SKipOO 

rt rgiions of layer 84 and the- e> posed poition of 
^ayor 82. typically to an aver age- thickness of ap- 
[.H.;; -;if7iatoiv 1000 nnn above the surface of uisulat- 
'avo! 32 Tho method of application may conn- 
pfiso dispensing the SOG mixtLjro ont(^ Iho assenn- 
biy while siibstiate 80 is homg spii';, triorehy d;s- 
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(:'er$ing SOG coating 88 relatively unfformiy over 
the surface ar^d tending to accelerate the drying of 
the SOG solvent Alternatively, the SOG mixture 
n^ay be uniformly spread over the surface. The 
SOG IS then precured at lOO'C for about fifteen 
minutes, and then fully cured by heating it until 
virtually all of the solvent and orgamcs have been 
driven off. typically at a temperature of 300 ' C for 
aoproximately four hours. A second coating 90 of 
photoresist, which may be of the same type used 
as layer 86. is deposited over the cured SOG. 
typically to a thickness of 1000 nm, as illustrated in 
FIG. 4E. 

A second patterned mask (not shown) is dis- 
posed over layer 90 exposing regions of the 
photoresist which, m the case of this illustrative 
positive photoresist, are to be removed during the 
developing step, specifically these regions lying 
directly over the spaces between the stripes of 
layer 84. The photoresist is developed using AZ- 
developer, leaving photoresist layer 90 patterned 
as shown in FIG 4F The exposed regions of SOG 
layer 88 are then removed, typically by a wet etch 
process, using hydrofluoric acid (HP) buffered with 
ammonium fluoride (NH4F) as an illustrative etch- 
ant, leaving a structure as shown in FIG. 4G. Alter- 
natively, the exposed regions of SOG layer 88 may 
bo removed using an o>ide (plasma) etch process 

The remaining photoresist layer 90 may be 
removed by a wet etch process usmg acetone as 
the etchant; alternatively, layer 90 may be removed 
using a dry, oxygen plasma etch process, FIG, 4H 
illustrates the anode structure having glass insulat- 
ing regions 88 between the patterned ITO stnpes 
84 at this stage of the fabrication process. The fmal 
steps in the fabrication process of the anode struc- 
ture IS to provide the cathodoluminescent phosphor 
coatings 54 (of FIG, 2), which are deposited over 
conductive ITO regions 84. typically by eiec- 
trophoretic deposition 

A ri^ethod of fabricating an anode plate for use 
in a field emission flat panel display device -n 
accordance with a second embodiment incorporate 
io.j the principles C'f *he present invention, com- 
prises the tollowing stCfjs. considered m relation to 
FIGS 5A tfirough 5E= Referring initially to FIG 5A, 
a glass sut^strate 100 is roatc-d with an insulatmg 
'aver 102. tvpicaily SiC';. wruch -Day be spcUer 
"icpo^'c^ \o a thickr-'H^ss '?f af: t: ' j • ir7-> ^ir;jv SO nm A 
'a-/-?r l(;i4 of a traf^Sf:a:-:;fT. -l-^ctM,; :;l|y ccMduct vr; 
'7-;,;iterial tyoically in ilurM-tm- jMdo nVO). 'S dvc-ji - 
ited or^ layer 102, ilu3::atve!v uy ^puttenng [-.:' a 
thi:knes3 of approKuratcly 150 nm A layer 106 L)f 
pfv,jtOfe::ist. which may bo tvpo S0 100 negat-y^' 
pf>jtore::ist sold by OGC Microeloctroriic Materials, 
loc , of West Patterson. r^Jow Jersey, is coated over 
layer 104, to a thickness of approximately 1000 
nm 



A patterned mask {no\ shown) is disposed over 
layer 106 exposing regions of the photoresist 
which, in the case of this illustrative negative 
photoresist, are to remain after the developing step. 

5 which may comprise spraying the assembly first 
with Stoddard etch and then with butyl acetate. The 
unexposed regions of the photoresist are removed 
during the developing step, leaving photores.st lay- 
er 106 patterned as shown tn FIG. 5B, The ex- 
posed regions of ITO layer i04 are then rem.ove^, 
typically by a wet etch process, usmg as an illus- 
trative etchant a solution of 6M hydrochloric acid 
(HOI) and 0.3M ferric chloride (FeCIs), leav.ng a 
structure as shown in FiG 50 In the present 
^5 example, these patternin(j, developing and etching 
processes leave regions of iTO layer 104 which 
form substantially parallel stripes across the sur- 
face of the anode plate In this second embodi- 
ment, the remaining photoresist layer 106 13 re- 
20 tained, and a coating 108 of spin-on-glass (SOG) 
irTcluding impurities which provide opacity, which 
may be of a type described earlier, is applied over 
the photoresist layer 104 and the exposed pC)rtion 
of layer 102, typically to an average thickness of 
25 approximately 1000 nm above the surface of in- 
sulating layer 102. The method of application may 
comprise dispensing the SOG mixture onto the 
assembly while substrate 100 is being spun, there- 
by dispersing SOG coating 108 relatively uniformly 
30 over the surface and tending to accelerate the 
drying of the SOG solvent Alternatively, the SOG 
mixture may be uniformly spread over the surface. 
FIG. 5D illustrates the anode structure having pat- 
terned ITO regions 104 and photoresist regions 
35 106, and the coating of SOG 108 at the current 
stage of the fabrication prcicess. The assembly is 
then heated to 100'C for about fifteen mmutos to 
rennove most ot the solvent. 

Photoresist layer 106 is then removed, bringing 
40 with it the overlaying portions of SOG layer 108, 
resulting in the structure shown in FiG. 5E. This 
liftoff pro(:ess is a common semiconductor fati^rica- 
tion process. Hot xylene and a so^v-nt compr.sing 
perchloroethylene. tet' achic roethy lone, orrho-dich- 
4:; I oro benzene, :)henol and aik/lary! sul'c^ic acid. 
may ne sprayed on the as-::enibly ir: iequonce. [o 
ron^ove the negative choio:os:5t layt-r 106 arui tho 
>".jvt.;r laying SO (3 of [no ::^e'fent v-^-a'^^oir' Tht re- 
'^"^a.ro^^q SOG s then -:.y--'d i-y -^^a^'^^ ; if unf 

.oK.aly all of the so''.-: -' a-l :r,-ao -^s t 
"'ff tvpicatly 3[ !---Tn:-.-atu'C '"f 300 ^ C: 
: :Mr\::tc y *Our rco'< To-^ f,-^ai -^rrf s 'n,\- 
'aM.^ation pre cess ot mo anode s- : l..; ti..w o lo t^: 
; ■■. ■vhjo tfio oathodolLifT^inos.-'ont phosf^hor coat.ngs 
S4 (.;:f f-iG 2). which are '"1ef:iosited o-. or 'rof^oi jr tivo 
IK") ro^g.onL. 104. typically by oloctrophorotic :it>oo- 
It w:il bo seen that fMs process is ;olf- 
- :gr^ir^g ;n tt^at it requires only a Siro-j;o :riask itOp 
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to etch ITO stripes 104 and to form SOG insulator 
108 in the spacings between stripes 104. 

Several other variations in the above pro- 
cesses, such as would be understood by one 
skilled in the art to which it pertains, are considered 5 
to be within the scope of the present invention. As 
a first such variation, it will be understood that 
glass layer 88 or 108 nnay be deposited by a 
technique other than those described above, for 
exannple, chennical vapor deposition or sputter de- io 
position. According to another variation, SOG layer 
88 or 108 may be dry etched, illustratively in a 
plasma reactor. It will also be recognized that a 
hard mask, such as aluminum or gold, may replace 
photoresist layers 84, 90 and 104 of the above 75 
processes. Finally, photosensitive glass materials 
are known, and it may be possible to pattern in- 
sulator layers 88 and 108 directly, without the use 
of photoresists. 

A field emission flat panel display device, as 20 
disclosed herein, including the opaque insulator on 
the anode plate thereof, and the methods disclosed 
herein for preparing the opaque insulating material 
and for applying the material to the anode plate, 
overcome limitations and disadvantages of the prior 25 
art display devices and methods. The opaque, 
electrically insulating material of the present inven- 
tion fills in the gaps between the stripe conductors 
of the anode, thereby acting as a barrier to the 
entry of ambient light into the device, and further 30 
preventing the re-emergence of light reflected from 
the active surface of emitter plate. In addition, by 
virtue of its electrical insulating quality, the opaque 
material serves to increase the electrical isolation 
of the stripe conductor from one another, thereby 35 
permitting the use of higher anode potentials with- 
out the risk of breakdown due to increased leakage 
current 

The use of an insulating material separating the 
stripe conductors of the anode also provides the 40 
advantage of improving the definition of the phos- 
phor depositions. Finally, it is noted that the im- 
proved insulating qualities of the structure of the 
present invention will allow the use of narrower 
spacings between the stripe conductors of the an- 45 
ode, thereby allowing increased anode stripe 
widths and increasing the area rnnlnd hy the phot- 
phors. This increased phosphor area reduces the 
density of the electrons impinging or'- the pf^osphor, 
thereby improving the phosphor efficiency. Hence, 50 
for the application to flat panel display devices 

■np wi ojopod hr^rO'n the ^iTm ir; J.-iLf ■* 3CCi";; ; 1 3 ' I 0 

With the present uTvention provide significant ad- 
vantages. 

While the principles of the present [nvention 55 
have been demonstrated with parttcular regard to 
the structures and methods disclosed herein, it will 
be recognued that various departures nnay be un- 



dertaken in the practice of the invention. The scope 
of the invention is not intended to be limited to the 
parttcular structures and methods disclosed herein, 
but should instead be gauged by the breadth of the 
claims which follow. 

Claims 

1. An anode plate for use in a field emission 
device, said anode plate comprising: 

a substantially transparent substrate; 

spaced-apart, electrically conductive re- 
gions on said substrate; 

luminescent material overlaying said con- 
ductive regions; and 

a substantially opaque, eiectncaMy insulat- 
ing material on said substrate in the spaces 
between said conductive regions. 

2. The anode plate in accordance, with Claim 1 
wherein said substantially opaque, electrically 
insulating material comprises glass mixed with 
impurities which reduce its transmissivity to 
visible light to less than fifty percent. 

3. The anode plate in accordance with Claim 2, 
wherein said impurities include the oxide of a 
transition metal. 

4. The anode plate in accordance with Claim 2, 
wherein said impurities include the oxides of 
more than one transition metal, said metal ox- 
ides being selected to provide substantial 
opacity over the spectrum of visible light. 

5. The anode plate in accordance with Claim 2, 
wherein said impurities include an organic dye. 

6. The anode plate in accordance with Claim 2, 
wherein said impurities include more than one 
organic dye, said dyes being selected to pro- 
vide substantial opacity over the spectrum of 
visible light. 

7. An electron emission display apparatus com- 
prising: 

ar"i Hfiiitter structure inc)uc1;r"^q rrioafis fr i 
omitting electrons, 

a display pane! having a substantially 
planar face opposing said emitter structure, 
said display panel including an anode olate 
according to any preceding claim, aiiu 

means for applying a poterMial t:^ctwoen 
said onnitter strijcture and said display panci [o 
accelerate electrons emitted by said er7iitting 
means toward said conouciive legions 
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8. A method of fabricating an anode piate for use 
in a field emission device, said method com- 
pnsing the steps of: 

providing a substantially transparent sub- 
strate having spaced-apart, electrically conduc- 
tive regions on a surface thereof; 

coating said surface with a substantially 
opaque material electncaliy insulating material; 

removing said opaque material from areas 
overlaying said conductive regions; and 

applying luminescent material on said con- 
ductive regions. 

9. The method in accordance with Claim 8, 
wherein said coating step comprises providing 
a solution of a substantially opaque, eiectrtcaliy 
insulating material comprises the sub-steps of: 

providing a solution of tetraethylor- 
thosilicate (TEOS) and a solvent; and 

adding impurities to said TEOS solution 
which reduce its transmissivity to visible tight. 

10. The method in accordance with Claim 9. 
wherein said step of adding impurities includes 
adding a compound of a transition metal to 
said TEOS solution. 

11. The method m accordance with Claim 10, fur- 
ther comprising selecting said transition metal 
from the group including cobalt and copper. 

12. The method in accordance with Claim 10, fur- 
ther comprising providing said compound as 
cobalt nitrate (Co(NO:02)- 

13. The method in accordance with Claim 12 fur- 
ther including the sub-step of adding butanol 
to said solution, 

14. The method in accordance with Claim 9. 
wherein said step of adding impurities includes 
adding an 'Organic dye to said TEOS solution. 

15. The method in accordance with Claim 9. 
wherein said step of adding impurities includes 
adding more than one or.janic dye. said dyes 
being selected to provuio substantiat opacity 
over th-- spectn.jr7i of visib'e Mqht 



17. The method in accordance with any of Claims 
8 to 15, wherein said step of coating said 
surface with said substantially opaque material 
comprises the step of spreading said solution 

5 onto said surface. 

18. The method in accordance with any of claims 
8 t:' 17 further comprising the steps of: 

depositing a layer of a transparent, elec- 

iQ tMcaiiy conductive material on a surface o* said 

suL'Strate: 

removing portions of said layer of conduc- 
tive material to leave substantially parallel 
str pes of said conductive material: 
;5 heating said substrate so as to cure said 

opaque material; and 

removing said cured opaque material from 
areas overlaying said conductive regions. 

20 19. The method in accordance with Claim 18, 
wherein said stop of removing portions of said 
layer of conductive material comprises the 
sub-steps of; 

coating said surface with a layer of 
25 photoresist; 

masking said photoresist layer to expose 
regions corresponding to said substantially 
parallel stripes; 

developing said exposed regions of said 
30 photoresist layer; 

removing the developed regions of said 
photoresist layer to expose regions of said 
layer of conductive material; 

removing said exposed regions of said lay- 
35 er of conductive material; and 

removing the remaining regions of said 
pi^otoresist layer. 

20. Tne method in accordance with Claim 19, 
40 wherein said step of removing said exposed 

regions of said layer of conductive material 
comprises wet etching said conductive ma- 
terial with a solution of hydrochloric acid and 
ferric chloride. 



16. The rmothfid in accordan(:e vviih af^y of Claims 
8 to 15. wherein satd ftop of :cating said 
surface with said substantially opaque matenai 
comprises ttie steps of: 

spinnifig [\^e substrate, ar^d 

dispefising said solution onto said surface 
to dispeisti said solution ovGir said surface. 
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